Ionizing radiations are not presently used for sterilizing foods because undesirable flavor changes and other adverse effects often result at the required dosage levels. Morgani and Reed (1954) have showin that preliminary exposure to such radiations lowers the resistance of some bacterial spores to the lethal action of subsequent heat treatment. However, no work has been presented to indicate the effects of consecutive heat and radiation treatments oin the spores of Clostridium botulinum. Because these spores are of critical importance in food sterilization, the present study has been directed towards determining the effect of preirradiation oIn the heat resistance of C. botulinum spores, as well as the subsequent irradiation resistance of these spores after heat shocking.
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MA.TERIALS AND METHODS
The two strains of Clostridium botuilinum used in this work were obtained from the Hooper Foundation for Medical Research at the University of California. The spore suspensions were prepared according to the procedures of Reed, Bohrer, and Cameron (1951) except that Difco bacto-casitone was substituted for casein digest in the growth medium specified by these wrorkers. Stock spore suspensions were suspended in sterile distilled water and stored at 4 C. The types of toxins produced in the growth media were verified by neutralization tests in mice. Antitoxin used for this purpose w-as supplied by the New York State Department of Health.
Before titering, the spore suspensions were heated at 85 C for 15 minutes to kill the vegetative cells. The number of viable spores was then determined by dilution counts, usiIng the Prickett tube technique and the pork infusion agar containing 0.1 per cent soluble starch previously discussed by Kempe et al. (1954) .
For irradiation tests, the spore suspensions were diluted in M/15 phosphate buffer, nutrient broth, or 10 per cent gelatin. The buffer and gelatin were adjusted to pH 7.0, but the nutrient broth was used at pH 6.7. The solid gelatin kept the spores suspended during irradiation but the buffer and the broth allowed the spores to settle.
Two series of tests were carried out with both strains of C. botulinum in each of the three media. The first series determined wvhether preirradiation senisitized the spores to subsequent heat treatment. In this case, the spore suspensions were placed in 22 x 175 mm culture tubes that were plugged with cotton. These were then irradiated, following which thermal-death time tests were conducted by immersing the tubes to a depth of approximately 100 mm in water boiling at 99 C. Samples for counting were pipetted from the tubes and transferred to dilution water at the proper intervals. The number of viable spores was then determined by dilution counts as previously described.
The second series of tests determined whether preheating sensitized the spores to subsequent irradiation. For this purpose, aliquot portions of a spore suspension were placed in each of three culture tubes like those previously described. Two of the tubes were immersed to a depth of approximately 100 mm in boiling water; the first was removed after 8 minutes and the second after 25 minutes; the third was an unheated control. All three tubes of spore suspensions were then irradiated with gamma rays from cobalt-60 at the rate of 170,000 rep' per hour. The temperature of irradiation was not controlled and vraried from 5 to 17 C as the temperature of the irradiation room changed with the season. At the end of every hour, irradiation was interrupted for about 10 minutes while samples wAere pipetted from each tube for spore counting. When the spores were suspended in "solid" gelatin, it was necessary to melt the gelatin by immersing the tube in a waterbath at 50 C before a sample could be removed. The gelatin was resolidified by plunging the tube into ice water.
Because the temperature of the spore suspensions did not rise instantly to 99 C when the culture tubes were placed in boiling water for a thermal-death time test, it was necessary to compute the effective sporekilling time at some convenient temperature in order that the results could be properly evaluated. A modification of Halvorson's procedure (Personal communication, 1946) gamma rays from cobalt-60. Similar data were obtained for both C. botulinum strains 62A and 213B spores in all three suspending media. The plotted data were abbreviated to illustrate only a portion of the runs shown in the tables. For example, although only those curves for C. botulinum strain 213B spores suspended in nutrient broth and irradiated at 500,000 rep are included, complete data were taken for these spores both in phosphate buffer and in 10 per cent gelatin.
Because all the spores used in this work had been preheated at 85 C for 15 minutes to kill the vegetative cells, it was considered desirable to evaluate the effect of such treatment on the results. For this purpose, both unheated C. botulinum 213B spores and some that had been heated at 85 C for 15 minutes were suspended in M/15 phosphate buffer at pH 7.0. A portion of each was set aside for a control, and the other portion was irradiated with 250,000 rep of gamma radiation from cobalt-60. Thermal-death time tests were then performed on the four samples. Both the preheated and the unheated spores exhibited the sensitization effect shown in figure 3 for C. botulinum 62A spores and there was no significant difference between the thermal-death time curves obtained from the two series of runs.
For purposes of comparison, the Fo3 value of the spores was assumed to be that number of minutes at 250 F required to cause the thermal-death time curve to pass through eight logarithmic cycles. Also, the Z value was taken as 18. Thus, when C. botulinum 213B spores were suspended in gelatin and were then irradiated with 900,000 rep of gamma rays, approximately 74 minutes were subsequently required at 99 C to cause the log per cent survivor curve to pass through 8 logarithmic cycles. This time interval was then converted to the Fo value in the following manner:
Qlo= (Q 't)ioa 
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Increased amounts of gamma radiation caused increased degrees of sensitization to the subsequent lethal action of heat. This was evidenced by the increasing steepness of the thermal-death time curves developed with those spores that received increasingly higher dosages of gamma radiation.
The Fo value of Clostridium botulinum spores could be reduced approximately fourfold by preirradiation. The amount of this effect was found to be less in gelatin and nutrient broth than in phosphate buffer.
